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Abstract. This study reports the ﬁrst global measurements
of acetone (C3H6O) in the upper troposphere (UT). Pro-
ﬁles were obtained between 9km and 15km from mea-
surements made by the Michelson Interferometer for Pas-
sive Atmospheric Sounding (MIPAS) onboard Envisat in Au-
gust 2003. Errors per proﬁle are lower than 40% between
180hPa and 350hPa. We report strong hemispheric differ-
ences in the acetone volume mixing ratios (VMRs), with
average concentrations highest in the Northern Hemisphere
(NH) mid-latitude UT, between 1000pptv and 1600pptv
with maxima up to 2300pptv. Our results show a strong
enhancement of acetone relative to CO, particularly over
Europe (7pptvppbv−1), conﬁrming aircraft studies. Ten-
day backward trajectories from these high European values
show strong contributions from air ﬂows over North America
(56%) and 25% from Southernmost Asia. Enhanced acetone
is also observed over Greenland, Siberia and biomass burn-
ing regions of Africa. Zonal distributions show that acetone
VMRs decrease rapidly with increasing altitude (decreasing
pressure), particularly in the NH. Poleward of 45◦ S, ace-
tone VMRs remain fairly consistent with average VMRs be-
tween 400pptv and 500pptv. In 5-day averages at 9km, NH
VMRs poleward of 45◦ N are consistently higher than South-
ern Hemisphere observations poleward of 45◦ S, by between
750pptv and 1100pptv. The results show a clear inﬂuence
of mid-latitude and transport processes on the acetone sum-
mertime distribution.
1 Introduction
Acetone (C3H6O) is present ubiquitously in the troposphere
with concentrations in the range 0.2ppb to 3ppb as deter-
mined from sporadic aircraft measurements (Jacob et al.,
2002; Arnold et al., 1997; Knop and Arnold, 1987) and
is a major source of hydrogen oxide radicals (HOx) and
peroxyacetyl nitrate (PAN) in the upper troposphere (UT)
(Singh et al., 1995; Jaegle et al., 1997, 2001; McKeen et al.,
1997; Wennberg et al., 1998; Collins et al., 1999; Muller and
Brasseur, 1999). Elevated levels of HOx imply a more pho-
tochemically active UT, with enhanced rates of ozone forma-
tion, and has implications for the mediation of ozone in low
water vapour (less than 100ppmv) conditions (Folkins and
Chatﬁeld, 2000).
The presence of acetone in the upper troposphere was
originally detected by the Max-Planck-Institut f¨ ur Kern-
physik Heidelberg group (Hauck and Arnold, 1984; Knop
and Arnold, 1987) and more recent aircraft campaigns (such
as Scheeren et al., 2003; de Reus et al., 2003) have added to
the numberof measurements ofacetone in the UT.Within the
last few years, more regular montoring of acetone in the at-
mosphere has been achieved by the CARIBIC (Civil Aircraft
for the Regular Investigation of the atmosphere Based on
an Instrumental Container) program (Brenninkmeijer et al.,
2007). Sprung and Zahn (2010) use CARIBIC data to show
that a strong seasonal variation of acetone occurs at the mid-
latitude tropopause with a maxima of 900pptv in summer
and 200pptv in winter. A study by Elias et al. (2011) found
satisfactory agreement between CARIBIC acetone and the
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LMDz-INCA chemistry-climate model although the mea-
surements displayed far more real variability than the model
results. The measured acetone volume mixing ratio (VMR)
was found to vary by more than 1000pptv within only 5
latitude-longitude degrees in summertime.
Main sources of acetone include atmospheric oxidation of
precursor hydrocarbons (propane, isobutane, and isobutene),
biomass burning and direct biogenic emissions with a small
percentage from primary anthropogenic emission (Singh
et al., 1994; Arnold et al., 1997; Crutzen et al., 2000). Impor-
tantly, the sources are still poorly understood (Jacob et al.,
2002). The main sinks of acetone include photolysis and
reaction with OH radicals and this results in an estimated
global mean lifetime for acetone of the order of a month
(Gierczak et al., 1998). Another sink mechanism that has
been proposed is deposition to the oceans (Singh et al.,
1994).
The advent of spaceborne limb-viewing Fourier transform
spectrometers, with high spectral resolution, has allowed the
possibility to distinguish lines of weakly absorbing species
from stronger absorbers such as carbon dioxide in the up-
per troposphere and lower stratosphere (UTLS). One such
instrument, which measures limb-emission, is the Michel-
son Interferometer for Passive Atmospheric sounding (MI-
PAS) onboard the ENVIronmental SATellite (Envisat) (Fis-
cher et al., 2008; Fischer and Oelhaf, 1996). Operationally
generated data sets from the MIPAS consist of temperature,
H2O, O3, CH4, N2O, HNO3, and NO2 proﬁles although the
high-spectral resolution of the data (0.035cm−1 unapodized)
allows the potential retrieval of many other minor gas species
(Burgess et al., 2004; Hoffmann et al., 2005; von Clarmann
et al., 2006).
We expand on previous work by Remedios et al. (2007a),
which presented a detection of atmospheric acetone using the
balloon version of the MIPAS to show the ﬁrst global mea-
surements of acetone VMRs in the UTLS. We present data
from August 2003 alongside an analysis of the errors and
sensitivity study of Envisat MIPAS spectra to acetone. We
also present results investigating the global relationship be-
tween acetone and carbon monoxide (CO).
2 Measurements
The MIPAS instrument onboard Envisat was successfully
launched in March 2002 as part of an ambitious and inno-
vative payload. The Envisat is in a polar orbit at an altitude
of 800km, with an orbital period of about 100min and a ref-
erence orbit repeat cycle of 35days. The MIPAS (Fischer
and Oelhaf, 1996; Fischer et al., 2008) is a Fourier Trans-
form Spectrometer that provides continual limb emission
measurements in the mid infrared over the range 685cm−1
to 2410cm−1 (14.6µm to 4.15µm) at an unapodized reso-
lution of 0.035cm−1 during the ﬁrst two years of measure-
ments. Due to MIPAS slide mirror problems during oper-
ation, the instrument has operated in two distinct measure-
ment modes referred to as “full-resolution” and “optimised-
resolution”. This paper concentrates on measurements from
the full spectral resolution period of MIPAS; the instrument
subsequently operated in a reduced spectral mode from Au-
gust 2004 onwards. The instrument’s ﬁeld of view is approx-
imately 3km (vertical)×30km (horizontal) and one com-
plete limb sequence of measurements in the full-resolution
nominal mode consisted of 17 spectra with tangent altitudes
at 68km, 60km, 52km, 47km, 42km and continuing down-
wards to 6km in 3km intervals.
The acetone spectral reference data used in the work came
from a set of infrared absorption cross-sections measured at
the Molecular Spectroscopy Facility at the Rutherford Ap-
pleton Laboratory and described in Waterfall (2004). In the
work, a set of temperature and pressure dependent absorption
cross-sections were derived covering a temperature range be-
tween 298K and 214K. Measurements were recorded at a
spectral resolution of approximately 0.03cm−1 (deﬁned as
0.9/optical pathlength) and Norton-Beer strong apodization.
For the ν7 (C-C stretch) acetone band (between 1195cm−1
and 1240cm−1), these measurements have been estimated to
havetotalerrorsvaryingbetween4%and10%dependingon
the frequency and the temperature. Recent work by Harrison
et al. (2010) determined absorption cross sections for acetone
in a similar spectral range to Waterfall (2004) but extending
their measurements down to 194K. Their estimated uncer-
tainty on the cross-sections of 4% gives conﬁdence that our
error estimate is conservative.
The presence of acetone spectral signatures in MIPAS
spectra was demonstrated by Remedios et al. (2007a) from
a balloon-borne version of the instrument. Using data col-
lected from a ﬂight on 8 May 1998 near Aire sur l’Adour,
Remedios et al. (2007a) were able to infer an abundance of
530pptv of acetone at 10.4km, using a band at 1218cm−1.
The MIPAS on Envisat has a similar performance to the
balloon–borne instrument except that the satellite instrument
only observes the acetone band used by Remedios et al.
(2007a) above 1215cm−1 due to a gap in the detector range.
In this work, we choose a narrower microwindow selected
between 1216.75cm−1 and 1217.5cm−1.
2.1 Radiance simulations
Figure 1 shows the mid-latitude contribution of acetone to
the limb radiance at 9km over an extended 1215cm−1 to
1230cm−1 spectral range (Fig. 1a) and the retrieval mi-
crowindow (Fig. 1b) calculated using the Oxford reference
forward model (RFM). The RFM is a line-by-line radiative
transfer model, derived from the Genln2 model (Edwards,
1992), with the ability to simulate infra-red spectra given the
calculated or measured instrument ﬁeld-of-view, lineshapes,
spectroscopic parameters and atmospheric climatology pro-
ﬁles (see http://www.atm.ox.ac.uk/RFM/ for further details).
Proﬁles for pressure, temperature and all interfering gases,
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global mean lifetime for acetone of the order of a month
(Gierczak et al., 1998). Another sink mechanism that has
been proposed is deposition to the oceans (Singh et al.,
1994).
The advent of spaceborne limb-viewing Fourier transform
spectrometers, with high spectral resolution, has allowed the
possibility to distinguish lines of weakly absorbing species
from stronger absorbers such as carbon dioxide in the up-
per troposphere and lower stratosphere (UTLS). One such
instrument, which measures limb-emission, is the Michel-
son Interferometer for Passive Atmospheric sounding (MI-
PAS) onboard the ENVIronmental SATellite (Envisat) (Fis-
cher et al., 2008; Fischer and Oelhaf, 1996). Operationally
generated data sets from the MIPAS consist of temperature,
H2O, O3, CH4, N2O, HNO3, and NO2 proﬁles althoughthe
high-spectralresolutionofthe data (0.035cm−1 unapodized)
allows the potentialretrievalofmanyotherminorgas species
(Burgess et al., 2004; Hoffmann et al., 2005; von Clarmann
et al., 2006).
We expand on previous work by Remedios et al. (2007a),
whichpresenteda detectionofatmosphericacetoneusingthe
balloon version of the MIPAS to show the ﬁrst global mea-
surements of acetone VMRs in the UTLS. We present data
from August 2003 alongside an analysis of the errors and
sensitivity study of Envisat MIPAS spectra to acetone. We
also present results investigating the global relationship be-
tween acetone and carbon monoxide (CO).
2 Measurements
The MIPAS instrument onboard Envisat was successfully
launched in March 2002 as part of an ambitious and inno-
vative payload. The Envisat is in a polar orbit at an altitude
of 800km, with an orbital period of about 100min and a ref-
erence orbit repeat cycle of 35days. The MIPAS (Fischer
and Oelhaf, 1996; Fischer et al., 2008) is a Fourier Trans-
form Spectrometer that provides continual limb emission
measurements in the mid infrared over the range 685cm−1
to 2410cm−1 (14.6µm to 4.15µm) at an unapodized reso-
lution of 0.035cm−1 during the ﬁrst two years of measure-
ments. Due to MIPAS slide mirror problems during oper-
ation, the instrument has operated in two distinct measure-
ment modes referred to as ‘full-resolution’ and ‘optimised-
resolution’. This paper concentrates on measurements from
the full spectral resolution period of MIPAS; the instrument
subsequently operated in a reduced spectral mode from Au-
gust 2004 onwards. The instrument’s ﬁeld of view is approx-
imately 3km (vertical)×30km (horizontal) and one com-
plete limb sequence of measurements in the full-resolution
nominal mode consisted of 17 spectra with tangent altitudes
at 68km, 60km, 52km, 47km, 42km and continuing down-
wards to 6km in 3km intervals.
The acetone spectral reference data used in the work came
from a set of infrared absorption cross-sections measured at
Fig. 1. Plot of modelled radiance contributions for the radia-
tively active gases in (a) the 1215cm
−1 to 1230cm
−1 range and
(b) 1216.75cm
−1 to 1217.5cm
−1 in the mid-latitudes (20
◦ to 65
◦).
The dotted line represents the noise equivalent spectral radiance
(NESR) of 20nW/(cm
2 srcm
−1) as reported in MIPAS band–B by
Kleinert et al. (2007).
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Fig. 1. Plot of modelled radiance contributions for the radia-
tively active gases in (a) the 1215cm−1 to 1230cm−1 range and
(b) 1216.75cm−1 to 1217.5cm−1 in the mid-latitudes (20◦ to 65◦).
The dotted line represents the noise equivalent spectral radiance
(NESR) of 20nW/(cm2 srcm−1) as reported in MIPAS band-B by
Kleinert et al. (2007).
except acetone, were taken from the version 3.1 mid-latitude
day reference atmospheres of Remedios et al. (2007b). The
acetone proﬁle used in this simulation was taken from the
MOZART model (Horowitz et al., 2003) and is represen-
tative of Northern Hemisphere (NH) mid-latitude condi-
tions during summer. Values decrease from approximately
738pptv at 9km to 65pptv by 15km. The ν7 C–C stretch
at 1216cm−1 is observable according to radiative transfer
simulations at 9km and 12km (not shown) above the MI-
PAS band B noise equivalent spectral radiance (NESR). By
15km, the signal decreases rapidly, so we may only expect to
measure acetone (and not reproduce just the a priori) where
there is a signiﬁcant enhancement of acetone compared to the
background (i.e. in a biomass burning event).
2.2 Retrieval approach
Acetone VMR retrievals have been achieved using the
MIPAS Orbital Retrieval using Sequential Estimation
(MORSE), a FORTRAN77 program developed by the Uni-
versity of Oxford (http://www.atm.ox.ac.uk/MORSE/). The
scheme uses a sequential estimation approach to determine
the most probable solution consistent with both the mea-
surements and the a priori information. In the retrieval
scheme, acetone is retrieved jointly with background con-
tinuum. However, the background continuum is constrained
to low values typical of the cloud-free scenes analysed here;
acetone retrieved shows no correlation with continuum val-
ues. All trace gas retrievals are performed in log space.
As the MIPAS instrument makes m radiance measure-
ments (y) at many different limb altitudes a set of n parame-
ters (the state vector x) can be determined from this set of
measurements. The optimal estimation retrieval approach
(Rodgers, 2000) aims to gain as much information about x
given y. This approach provides a linearized form for an es-
timate of ˆ x (the atmospheric proﬁle) that is based on a prior
estimate xa of the state and the set of measurements from the
instrument:
ˆ x =Gy+(In−GK)xa (1)
where K is the Jacobian matrix (Ki,j =∂yi/∂xj) and G is the
gain matrix given by:
G=SaKT(Sy +KSaKT)−1 (2)
Sa is the covariance of xa about the exact state and Sy the
covariance of y about the perfect measurements that would
arise from the exact state. Due to the large seasonal and
spatial variability of acetone estimated from the TOMCAT
model (N. Richards, personal communication, 2010) and ob-
served in aircraft measurements (T. Schuck, personal com-
munication, 2010) Sa was set at (300%)2 for acetone. For
Sa, the off-diagonal elements were determined by a ﬁrst or-
der auto-regressive model with a vertical correlation length
of 6km. The off-diagonal elements of Sy were set to zero
(assuming no noise correlation between different altitudes).
The Levenberg-Marquardt iteration technique was used to
ﬁnd the best estimate of the state, ˆ x. The matrices Sa and Sy
are inverted using the Gauss-Jordan Elimination technique
with full-pivoting, based on the routine GAUSSJ given on
28–29 of Numerical Recipes (Press et al., 1992).
xi+1 = xi +[(1+γ)S−1
a +KT
i S−1
y Ki]−1 (3)
{KT
i S−1
y [y−F(xi)]−S−1
a [xi −xa]}
where F is the RFM modelled radiance at instrument spectral
resolution with vertical ﬁeld-of-view convolution.
The scheme uses the full retrieval state vector from the
beginning, with measurements from each tangent altitude in-
corporated sequentially rather than with one large matrix. As
the measurements are assumed uncorrelated between differ-
ent tangent heights or different microwindows, mathemati-
cally the solution is identical as if all measurements were
used at once.
The value of γ in Eq. (3). is initialised to a value of one. If
the chi-square parameter reduces, the new state vector, xi+1,
is accepted and γ is divided by ten. If the error increases on
xi+1 then γ is multiplied by ten and Eq. (3). is solved again.
This process is repeated until the chi-square is reduced below
a 1.5 threshold and the difference between consecutive chi-
square values is less than 0.2. The chi-square values (which
containaprioriandradiancecomponents)werechosenbased
on tests for selected orbits which attempted to optimise the
speed of the retrieval (i.e. minimize the number of iterations)
without losing accuracy in the retrieved data. In successful
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retrievals, the scheme generally converges within 3 to 4 iter-
ations.
Due to the long horizontal path of each MIPAS measure-
ment, clouds are likely to contaminate many tropospheric ob-
servations and appear in the instrument ﬁeld-of-view. By us-
ing a simple ratio approach and computing a ratio between
the mean radiance in the 788.20cm−1 to 796.25cm−1 and
832.30cm−1 to 834.40cm−1 spectral bands (Spang et al.,
2004) it is possible to distinguish clouds in MIPAS spectra.
We used a cloud threshold value of 4 and in cases where the
ratio is below this value, the measurements at this altitude,
and all altitudes below, were ﬂagged as cloudy and no re-
trieval performed on the sweeps.
As shown in Fig. 1, the acetone microwindow has sev-
eral other interfering species. To minimize the errors on ace-
tone retrievals, data for pressure/temperature (jointly), wa-
ter vapour, ozone (O3), nitric acid (HNO3), methane (CH4)
and nitrous oxide (N2O) were pre-retrieved from MORSE,
for each sweep, before we retrieve acetone VMRs. All other
species were taken from the reference atmospheres of Reme-
dios et al. (2007b). We restricted the acetone retrieval alti-
tude range from 6km to 21km and for pre-retrieved species
this extends between 6km and 68km. The apodized in-
strument line-shape (AILS) data are based on pre-ﬂight es-
timates (H. Nett, pers. comm., 2003) with line parameters
and absorption cross-sections of interfering gases taken from
HITRAN 2004 with updates up to the end of 2008 applied
(Rothman et al., 2005). More details of the spectroscopy up-
dates can be found at www.hitran.com.
2.3 Error analysis
A detailed error analysis for acetone is shown in Fig. 2 for
four separate latitude bands – tropical (20◦ S to 20◦ N), mid-
latitudes(20◦ to65◦ ineachHemisphere), polarsummer(65◦
to 90◦ in the summer Hemisphere) and polar winter (65◦ to
90◦ in the winter Hemisphere). Both the random retrieval
noise and systematic errors (model parameter, gain, instru-
ment line shape and spectroscopy) are shown along with the
total error.
Firstly, the systematic model parameter errors were calcu-
lated using measured biases in MIPAS data. An uncertainty
of 20% has been indicated for MIPAS water vapour (Lahoz
et al., 2004), 10% for ozone (Cortesi et al., 2007), 10% for
nitric acid (Wang et al., 2007), 5% for methane (Payan et al.,
2009) and 4% for nitrous oxide (Payan et al., 2009). Un-
certainties of 1K for temperature (Ridolﬁ et al., 2007) and
4% for pressure (Raspollini et al., 2006) were used. The
error for the other contaminants was expected to be small;
assumed at 10% for each. The errors due to uncertainties
in these gases were likely to be lower in the real measure-
ments than calculated here. Comparison of operational prod-
ucts and our retrieved data (not shown) is excellent with only
very small differences for upper tropospheric temperature,
less than 1K in the global monthly average, water vapour
4 D. P. Moore et al.: Global acetone measurements from the MIPAS
Fig. 2. Error budget for acetone VMR retrievals. The data have
been split into regimes, (a) 20
◦ S to 20
◦ N – tropical, (b) 20 to
65
◦ – mid-latitudes, (c) 65 to 90
◦ in the summer hemisphere – po-
lar summer, (d) 65 to 90
◦ in the winter hemisphere – polar win-
ter. The solid black line represents the total error on a single re-
trieval. The random (dotted) and systematic (dashed) component
of the error are also shown. Systematic errors are dominated by
pressure (“PRE”) and temperature (“TEM”), acetone spectroscopy
(“SPEC”), and gain uncertainties.
We used a cloud threshold value of 4 and in cases where the
ratio is below this value, the measurements at this altitude,
and all altitudes below, were ﬂagged as cloudy and no re-
trieval performed on the sweeps.
As shown in Fig. 1, the acetone microwindow has sev-
eral other interfering species. To minimize the errors on ace-
tone retrievals, data for pressure/temperature (jointly), water
vapour, ozone (O3), nitric acid (HNO3), methane (CH4) and
nitrous oxide (N2O) were pre-retrieved from MORSE, for
each sweep, before we retrieve acetone VMRs. All other
species were taken from the reference atmospheres of Reme-
dios et al. (2007b). We restricted the acetone retrieval alti-
tude range from 6km to 21km and for pre-retrieved species
this extends between 6km and 68km. The apodized in-
strument line-shape (AILS) data are based on pre-ﬂight es-
timates (H. Nett, pers. comm., 2003) with line parameters
and absorption cross-sections of interfering gases taken from
HITRAN 2004 with updates up to the end of 2008 applied
(Rothman et al., 2005). More details of the spectroscopy up-
dates can be found at www.hitran.com.
2.3 Error analysis
A detailed error analysis for acetone is shown in Fig. 2 for
four separate latitude bands – tropical (20◦ S to 20◦ N), mid-
latitudes (20◦ to 65◦ in each Hemisphere), polar summer
(65◦ to90◦ inthesummerHemisphere)andpolarwinter(65◦
to 90◦ in the winter Hemisphere). Both the random retrieval
noise and systematic errors (model parameter, gain, instru-
ment line shape and spectroscopy) are shown along with the
total error.
Firstly, the systematic model parameter errors were calcu-
lated using measured biases in MIPAS data. An uncertainty
of 20% has been indicated for MIPAS water vapour (Lahoz
et al., 2004), 10% for ozone (Cortesi et al., 2007), 10% for
nitric acid (Wang et al., 2007), 5% for methane (Payan et al.,
2009) and 4% for nitrous oxide (Payan et al., 2009). Uncer-
tainties of 1K for temperature (Ridolﬁ et al., 2007) and 4%
for pressure (Raspollini et al., 2006)were used. The error for
the other contaminants was expected to be small; assumed at
10% for each. The errors due to uncertainties in these gases
were likely to be lower in the real measurements than cal-
culated here. Comparison of operational products and our
retrieved data (not shown) is excellent with only very small
differences for upper tropospheric temperature, less than 1K
in the globalmonthlyaverage,water vapourless than2ppmv
and better than 10% for methane. The uncertainty of the in-
strument gain and instrument offset were taken to be 2% and
2nW/(cm2 srcm−1), respectively (Spang et al., 2005). For
the 1216.75cm−1 to 1217.5cm−1 spectral range, we note
that the spectroscopic errors on the individual cross-sections
are estimated to range between 5% to 7%. An additional
source of error may be introduced within the radiative trans-
fer model when extrapolating the data to the appropriate at-
mospheric conditions, and a more conservative estimate of
10% has been used in the calculation of the retrieval error
detailed later in this paper. This estimate also accounts for
cases where the temperature of the measurement is less than
214K (the lowest temperature at which the acetone cross-
sections were measured). This is particularly relevant for
tropicalacetoneretrievalswhereit was foundthat32% (1199
outof 3737cases) hada temperatureof less than214K in the
upper troposphere.
The total error on a single retrieved VMR is calculated
to be generally below 40% at pressures between 180hPa
and 350hPa, although the water vapour contamination in
the tropics limits errors to approximately 80%. At pressures
lower than 180hPa, the randomretrieval errorcomponentin-
creases rapidly in all regions and the total error on a single
proﬁle varies between 50% and 120%. However, averaging
reduces the errors considerably and provides value given the
current paucity of measurements in the UTLS. In this paper
we examine the average global behaviourand the randomre-
trieval error (i.e. in Fig. 7) is in effect much lower than this
due to number of individual proﬁles.
Fig. 2. Error budget for acetone VMR retrievals. The data have
been split into regimes, (a) 20◦ S to 20◦ N – tropical, (b) 20 to
65◦ – mid-latitudes, (c) 65 to 90◦ in the summer hemisphere – po-
lar summer, (d) 65 to 90◦ in the winter hemisphere – polar win-
ter. The solid black line represents the total error on a single re-
trieval. The random (dotted) and systematic (dashed) component
of the error are also shown. Systematic errors are dominated by
pressure (“PRE”) and temperature (“TEM”), acetone spectroscopy
(“SPEC”), and gain uncertainties.
less than 2ppmv and better than 10% for methane. The un-
certainty of the instrument gain and instrument offset were
taken to be 2% and 2nW/(cm2 srcm−1), respectively (Spang
et al., 2005). For the 1216.75cm−1 to 1217.5cm−1 spectral
range, we note that the spectroscopic errors on the individual
cross-sections are estimated to range between 5% to 7%.
An additional source of error may be introduced within the
radiative transfer model when extrapolating the data to the
appropriate atmospheric conditions, and a more conservative
estimate of 10% has been used in the calculation of the re-
trieval error detailed later in this paper. This estimate also ac-
counts for cases where the temperature of the measurement is
less than 214K (the lowest temperature at which the acetone
cross-sections were measured). This is particularly relevant
for tropical acetone retrievals where it was found that 32%
(1199outof3737cases)hadatemperatureoflessthan214K
in the upper troposphere.
The total error on a single retrieved VMR is calculated
to be generally below 40% at pressures between 180hPa
and 350hPa, although the water vapour contamination in the
tropics limits errors to approximately 80%. At pressures
lower than 180hPa, the random retrieval error component in-
creases rapidly in all regions and the total error on a single
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Fig. 3. A representative averaging kernel in log(VMR) for a single
mid-latitude acetone retrieval from orbit 07419, scan number 33 (1
August 2003, 50.0
◦N, 10.3
◦E). There are 1.9 degrees of freedom
for these measurements. For this particular scan, the measurements
have 1.6 bits of Shannon information content. The dashed black
line represents the sum of the averaging kernel at each altitude.
2.4 Retrieval characterisation
We have used one month of high–resolution MIPAS data to
investigate the global–average distribution of acetone in the
UTLS forAugust2003. Previouswork bySinghet al. (1994)
estimates that 21% of the acetone source is due to direct bio-
genic emissions and we chose to look at August 2003 since
this period represents the end-point of the Northern Hemi-
sphere time of high plant activity. August also encapsu-
lates the Central African biomass burning season which is
another direct source of acetone to the atmosphere (Singh
et al., 1994).
To determine the sensitivity of MIPAS spectra to changes
in acetone VMRs in the UT, it is vital to look at the aver-
aging kernels of the retrieval. Figure 3 shows an example
of a typical mid-latitude averaging kernel (in log(VMR)) for
August, with the highest sensitivity to the measurements in
the UT (high averaging kernel value) and a vertical resolu-
tion (at full-width half maximum) of around 3km. As ace-
toneabundancesdecreasewithincreasingaltitudeintotheLS
(e.g. Elias et al., 2011), the corresponding averaging kernels
tend to zero at higher levels and may also show some sensi-
tivity to the adjacent layer below. The vertical resolution of
18kmretrievalsis generallynobetterthan6 kmwith alarger
a priori inﬂuence. In Fig. 3, the areas of the 430hPa, 281hPa
and 172hPa kernels is between 0.7 and 0.8, indicating that
the retrievals are largely free of a priori bias.
3 Results
3.1 Acetone sensitivity in MIPAS spectra
In this section we investigate the sensitivity of the retrieval
microwindow to acetone. We study examples of acetone re-
trievalswithavarietyofvolumemixingratiosandinvestigate
whether the MIPAS spectra can be simulated just as well by
including or neglecting acetone in the simulations. We also
check the effect of the continuum retrieval and whether the
improvement of ﬁt is due to the continuum retrieval alone.
Although we retrieve acetone from a small microwindow
(1216.75cm−1 to1217.5cm−1) we extendthe spectralrange
shown here to investigate the robustness of the ﬁt parame-
ters over a wider range. We look at three particular scenar-
ios and report the improvementachieved for: 1) signiﬁcantly
enhanced– Figs. 4a-b, 2) enhanced – Figs. 4c-d and 3) back-
ground – Figs. 4e-f.
It is shown for all three cases that the residual ﬁt using
the jointly–retrieved acetone and continuum in the simula-
tions (Figs. 4a,c,e) is within the 20nW/(cm2 srcm−1) MI-
PAS NESR reportedbyKleinertet al. (2007). Theﬁt is wors-
ened considerably when only the continuum is considered
in the simulation, particularly for the highest acetone VMR,
where differences of up to 60nW/(cm2 srcm−1) or 80% of
the measured radiance are found. Even in the background
case, a 10% improvement of ﬁt is achieved (Fig. 4f) when
retrieved acetone is included although the overall sensitivity
to acetone in the spectrumhas decreased. We also look at the
correlation (not shown) between retrieved acetone and CH4
both globally and regionally and see no correlation between
the results suggesting that we are successfully ﬁtting acetone
and not CH4.
We observe a normal distribution to the 185hPa residuals
(Fig. 5), with no systematic bias due to poor retrieval of an
interfering gas, for example. The calculated standard devi-
ation of these data is 14nW/(cm2 srcm−1), well within the
reported NESR indicating an excellent quality of ﬁt. Of the
26699 MIPAS scans available for August 2003, the 277 hPa
level data have a very high convergence success rate (97.3%
of the 32% of data classed as cloud-free). At the 185 hPa
level, the rate is even higher, increasing to 99.9% of the 59%
of cloud-free data points.
3.2 Global distribution of acetone in the upper troposphere
and lower stratosphere
By choosingto study August 2003, we were able to encapsu-
late many different regimes within the dataset. Fire activity
linked to biomass has a seasonal dependence relying on lo-
cal dryconditionsand availabilityof fuel. As shown in Fig. 6
thehighestfrequencyofﬁres occurredoverCentral-Southern
Africa and South America with other centres over Western
Fig. 3. A representative averaging kernel in log(VMR) for a single
mid-latitude acetone retrieval from orbit 07419, scan number 33 (1
August 2003, 50.0◦ N, 10.3◦ E). There are 1.9 degrees of freedom
for these measurements. For this particular scan, the measurements
have 1.6 bits of Shannon information content. The dashed black
line represents the sum of the averaging kernel at each altitude.
proﬁle varies between 50% and 120%. However, averaging
reduces the errors considerably and provides value given the
current paucity of measurements in the UTLS. In this paper
we examine the average global behaviour and the random re-
trieval error (i.e. in Fig. 7) is in effect much lower than this
due to number of individual proﬁles.
2.4 Retrieval characterisation
We have used one month of high-resolution MIPAS data to
investigate the global-average distribution of acetone in the
UTLS for August 2003. Previous work by Singh et al. (1994)
estimates that 21% of the acetone source is due to direct bio-
genic emissions and we chose to look at August 2003 since
this period represents the end-point of the Northern Hemi-
sphere time of high plant activity. August also encapsu-
lates the Central African biomass burning season which is
another direct source of acetone to the atmosphere (Singh
et al., 1994).
To determine the sensitivity of MIPAS spectra to changes
in acetone VMRs in the UT, it is vital to look at the aver-
aging kernels of the retrieval. Figure 3 shows an example
of a typical mid-latitude averaging kernel (in log(VMR)) for
August, with the highest sensitivity to the measurements in
the UT (high averaging kernel value) and a vertical resolu-
tion (at full-width half maximum) of around 3km. As ace-
toneabundancesdecreasewithincreasingaltitudeintotheLS
(e.g. Elias et al., 2011), the corresponding averaging kernels
tend to zero at higher levels and may also show some sensi-
tivity to the adjacent layer below. The vertical resolution of
18km retrievals is generally no better than 6km with a larger
a priori inﬂuence. In Fig. 3, the areas of the 430hPa, 281hPa
and 172hPa kernels is between 0.7 and 0.8, indicating that
the retrievals are largely free of a priori bias.
3 Results
3.1 Acetone sensitivity in MIPAS spectra
In this section we investigate the sensitivity of the retrieval
microwindow to acetone. We study examples of acetone re-
trievalswithavarietyofvolumemixingratiosandinvestigate
whether the MIPAS spectra can be simulated just as well by
including or neglecting acetone in the simulations. We also
check the effect of the continuum retrieval and whether the
improvement of ﬁt is due to the continuum retrieval alone.
Although we retrieve acetone from a small microwindow
(1216.75cm−1 to 1217.5cm−1) we extend the spectral range
shown here to investigate the robustness of the ﬁt parame-
ters over a wider range. We look at three particular scenarios
and report the improvement achieved for: (1) signiﬁcantly
enhanced – Fig. 4a–b, (2) enhanced – Fig. 4c–d and (3) back-
ground – Fig. 4e–f.
It is shown for all three cases that the residual ﬁt using
the jointly-retrieved acetone and continuum in the simula-
tions(Fig.4a, c, e)iswithinthe20nW/(cm2 srcm−1)MIPAS
NESR reported by Kleinert et al. (2007). The ﬁt is wors-
ened considerably when only the continuum is considered
in the simulation, particularly for the highest acetone VMR,
where differences of up to 60nW/(cm2 srcm−1) or 80% of
the measured radiance are found. Even in the background
case, a 10% improvement of ﬁt is achieved (Fig. 4f) when
retrieved acetone is included although the overall sensitivity
to acetone in the spectrum has decreased. We also look at the
correlation (not shown) between retrieved acetone and CH4
both globally and regionally and see no correlation between
the results suggesting that we are successfully ﬁtting acetone
and not CH4.
We observe a normal distribution to the 185hPa residuals
(Fig. 5), with no systematic bias due to poor retrieval of an
interfering gas, for example. The calculated standard devi-
ation of these data is 14nW/(cm2 srcm−1), well within the
reported NESR indicating an excellent quality of ﬁt. Of the
26699 MIPAS scans available for August 2003, the 277hPa
level data have a very high convergence success rate (97.3%
of the 32% of data classed as cloud-free). At the 185hPa
level, the rate is even higher, increasing to 99.9% of the 59%
of cloud-free data points.
3.2 Global distribution of acetone in the upper
troposphere and lower stratosphere
By choosing to study August 2003, we were able to encapsu-
late many different regimes within the dataset. Fire activity
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Fig. 4. Radiance residuals (MIPAS radiance – RFM model) and
corresponding radiance ratios for data on 1 August 2003 at 12km
level. The blue lines show data where the RFM simulations in-
cluded all retrieved gases and retrieved continuum in the acetone
microwindow but not including retrieved acetone. The red lines
are identical except for the extra inclusion of acetone in the RFM
simulations. Scenes were chosen which represent: (1) enhanced
acetone VMR (1670pptv in this scene) – plots (a,b), (2) enhanced
acetone levels around the median VMR (536pptv) – plots (c,d)
and (3) background (323pptv) – plots (e,f). The vertical black
dashed lines show the acetone microwindow used and the green
horizontal lines the MIPAS NESR. The co-ordinates of the MIPAS
measurements shown are (a) 36
◦ N, 37
◦ W, (c) 30
◦ N, 38
◦ W and
(e) 26
◦ N, 137
◦ W
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Fig. 5. A histogram of residuals (MIPAS measurements-RFM
modelled radiances) from 15578 scans from August 2003 at ap-
proximately 185hPa. The standard deviation of our residuals is
14nW/(cm
2 sr cm
−1). Note that the noise equivalent spectral ra-
diance in band B of the MIPAS is below 20nW/(cm
2 sr cm
−1) at
1200cm
−1, (Kleinert et al., 2007). The dashed line represents the
zero point in the residual.
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Fig. 6. MODIS ﬁre counts for August 2003 gridded into
2.5
◦ latitude x 2.5
◦ longitude bins. Fire data points classed with
both nominal and high certainty are included.
Canada and North-Eastern Siberia. The fact that August is
also during the NH summer, and hence during a time of high
plant activity, introducesanotherpotentialsource for acetone
from the surface.
As discussed previously in Moore and Remedios (2010),
we decided against interpolation of data onto pressure levels
as interpolation is likely to introduce features which are not
present in the dataset. The data are contoured and gridded
at 20◦ longitude and 10◦ latitude resolution. To reduce the
bias created by using few data points we decided to remove
all areas containing less than 5 data points.
From Figs. 7a,b we can clearly identify a distinct inter–
Fig. 4. Radiance residuals (MIPAS radiance – RFM model) and
corresponding radiance ratios for data on 1 August 2003 at 12km
level. The blue lines show data where the RFM simulations in-
cluded all retrieved gases and retrieved continuum in the acetone
microwindow but not including retrieved acetone. The red lines are
identical except for the extra inclusion of acetone in the RFM simu-
lations. Scenes were chosen which represent: (1) enhanced acetone
VMR (1670pptv in this scene) – plots (a, b), (2) enhanced acetone
levels around the median VMR (536pptv) – plots (c, d) and (3)
background (323pptv) – plots (e, f). The vertical black dashed
lines show the acetone microwindow used and the green horizontal
lines the MIPAS NESR. The co-ordinates of the MIPAS measure-
ments shown are (a) 36◦ N, 37◦ W, (c) 30◦ N, 38◦ W and (e) 26◦ N,
137◦ W.
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Fig. 4. Radiance residuals (MIPAS radiance – RFM model) and
corresponding radiance ratios for data on 1 August 2003 at 12km
level. The blue lines show data where the RFM simulations in-
cluded all retrieved gases and retrieved continuum in the acetone
microwindow but not including retrieved acetone. The red lines
are identical except for the extra inclusion of acetone in the RFM
simulations. Scenes were chosen which represent: (1) enhanced
acetone VMR (1670pptv in this scene) – plots (a,b), (2) enhanced
acetone levels around the median VMR (536pptv) – plots (c,d)
and (3) background (323pptv) – plots (e,f). The vertical black
dashed lines show the acetone microwindow used and the green
horizontal lines the MIPAS NESR. The co-ordinates of the MIPAS
measurements shown are (a) 36
◦ N, 37
◦ W, (c) 30
◦ N, 38
◦ W and
(e) 26
◦ N, 137
◦ W
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Fig. 5. A histogram of residuals (MIPAS measurements-RFM
modelled radiances) from 15578 scans from August 2003 at ap-
proximately 185hPa. The standard deviation of our residuals is
14nW/(cm
2 sr cm
−1). Note that the noise equivalent spectral ra-
diance in band B of the MIPAS is below 20nW/(cm
2 sr cm
−1) at
1200cm
−1, (Kleinert et al., 2007). The dashed line represents the
zero point in the residual.
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Fig. 6. MODIS ﬁre counts for August 2003 gridded into
2.5
◦ latitude x 2.5
◦ longitude bins. Fire data points classed with
both nominal and high certainty are included.
Canada and North-Eastern Siberia. The fact that August is
also during the NH summer, and hence during a time of high
plant activity, introducesanotherpotentialsource for acetone
from the surface.
As discussed previously in Moore and Remedios (2010),
we decided against interpolation of data onto pressure levels
as interpolation is likely to introduce features which are not
present in the dataset. The data are contoured and gridded
at 20◦ longitude and 10◦ latitude resolution. To reduce the
bias created by using few data points we decided to remove
all areas containing less than 5 data points.
From Figs. 7a,b we can clearly identify a distinct inter–
Fig. 5. A histogram of residuals (MIPAS measurements-RFM
modelled radiances) from 15578 scans from August 2003 at ap-
proximately 185hPa. The standard deviation of our residuals is
14nW/(cm2 srcm−1). Note that the noise equivalent spectral ra-
diance in band B of the MIPAS is below 20nW/(cm2 srcm−1) at
1200cm−1, (Kleinert et al., 2007). The dashed line represents the
zero point in the residual.
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Fig. 4. Radiance residuals (MIPAS radiance – RFM model) and
corresponding radiance ratios for data on 1 August 2003 at 12km
level. The blue lines show data where the RFM simulations in-
cluded all retrieved gases and retrieved continuum in the acetone
microwindow but not including retrieved acetone. The red lines
are identical except for the extra inclusion of acetone in the RFM
simulations. Scenes were chosen which represent: (1) enhanced
acetone VMR (1670pptv in this scene) – plots (a,b), (2) enhanced
acetone levels around the median VMR (536pptv) – plots (c,d)
and (3) background (323pptv) – plots (e,f). The vertical black
dashed lines show the acetone microwindow used and the green
horizontal lines the MIPAS NESR. The co-ordinates of the MIPAS
measurements shown are (a) 36
◦ N, 37
◦ W, (c) 30
◦ N, 38
◦ W and
(e) 26
◦ N, 137
◦ W
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Fig. 5. A histogram of residuals (MIPAS measurements-RFM
modelled radiances) from 15578 scans from August 2003 at ap-
proximately 185hPa. The standard deviation of our residuals is
14nW/(cm
2 sr cm
−1). Note that the noise equivalent spectral ra-
diance in band B of the MIPAS is below 20nW/(cm
2 sr cm
−1) at
1200cm
−1, (Kleinert et al., 2007). The dashed line represents the
zero point in the residual.
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Fig. 6. MODIS ﬁre counts for August 2003 gridded into
2.5
◦ latitude x 2.5
◦ longitude bins. Fire data points classed with
both nominal and high certainty are included.
Canada and North-Eastern Siberia. The fact that August is
also during the NH summer, and hence during a time of high
plant activity, introducesanotherpotentialsource for acetone
from the surface.
As discussed previously in Moore and Remedios (2010),
we decided against interpolation of data onto pressure levels
as interpolation is likely to introduce features which are not
present in the dataset. The data are contoured and gridded
at 20◦ longitude and 10◦ latitude resolution. To reduce the
bias created by using few data points we decided to remove
all areas containing less than 5 data points.
From Figs. 7a,b we can clearly identify a distinct inter–
Fig. 6. MODIS ﬁre counts for August 2003 gridded into
2.5◦ latitude x 2.5◦ longitude bins. Fire data points classed with
both nominal and high certainty are included.
linked to biomass has a seasonal dependence relying on lo-
cal dry conditions and availability of fuel. As shown in Fig. 6
the highest frequency of ﬁres occurred over Central-Southern
Africa and South America with other centres over Western
Canada and North-Eastern Siberia. The fact that August is
also during the NH summer, and hence during a time of high
plant activity, introduces another potential source for acetone
from the surface.
As discussed previously in Moore and Remedios (2010),
we decided against interpolation of data onto pressure levels
as interpolation is likely to introduce features which are not
present in the dataset. The data are contoured and gridded at
20◦ longitude and 10◦ latitude resolution. To reduce the bias
created by using few data points we decided to remove all
areas containing less than 5 data points.
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Fig. 7. Global acetone distributions (in units of pptv) at average
pressure levels of (a) 277hPa and (b) 185hPa for the month of Au-
gust 2003. White areas are regions where there are less than 5 data
points for the month.
Fig. 8. Monthly-average wind ﬁeld for August 2003 derived from
ECMWF data. Data are taken on level 29 (187hPa). Each wind
vector is coloured according to average wind velocity.
hemispheric difference between the higher volume mixing
ratios (VMRs) in the NH compared to lower VMRs in the
Southern Hemisphere (SH) at both 277hPa and 185hPa. At
277hPa, the highest average acetone VMRs are found over
Greenland and Western Siberia (between 1.6 and 2.3ppbv)
and there is clear inter-continental transport (see wind ﬁelds
in Fig. 8. At 277hPa we observea large variabilityin the NH
UT data of up to 1200pptv poleward of 30◦N. This change
occurs within areas as small as 30 latitude–longitudedegrees
and is most pronounced over the North Atlantic Ocean. This
high variability is consistent with the ﬁndings of Elias et al.
(2011) who noted that the summer acetone VMRs in air-
craft data can vary by more than 1000pptv within only 5
latitude–longitudedegreeswitha standarddeviationformea-
surements (chieﬂy over South-East Asia) of up to 40%. The
highest values are in the Northern hemisphere over boreal
North America, Greenland and Siberia (between 1.6ppbv
and 2.3ppbv), with corresponding enhancements between
Central Africa and South America (1.0,ppbv to 1.4ppbv).
These regions clearly show the effects of inter-continental
transport and biomass burning (see later in this section),
with the possibility of large biogenic sources coupled with
convection giving rise to strong signatures. Model studies
would clearly be useful but agreement between aircraft data
and models is only fair in the studies of (Elias et al., 2011).
For example, in the Europe-Mediterraneanrange their model
runs and data disagreed by up to 800 pptv, with data show-
ing strikingly high values of acetone over Europein summer.
Their values of typically greater than 1000 pptv are consis-
tent with our results at 277 hPa coupled with enhancements
observed more directly at 185 hPa for this region.
At both 277hPa and 185hPa, there are clear biogenic or
biomass burning inﬂuences in the data over Central Africa
Fig. 7. Global acetone distributions (in units of pptv) at average
pressure levels of (a) 277hPa and (b) 185hPa for the month of Au-
gust 2003. White areas are regions where there are less than 5 data
points for the month.
From Fig. 7a, b we can clearly identify a distinct inter-
hemispheric difference between the higher volume mixing
ratios (VMRs) in the NH compared to lower VMRs in the
Southern Hemisphere (SH) at both 277hPa and 185hPa. At
277hPa, the highest average acetone VMRs are found over
Greenland and Western Siberia (between 1.6 and 2.3ppbv)
and there is clear inter-continental transport (see wind ﬁelds
in Fig. 8). At 277hPa we observe a large variability in the
NH UT data of up to 1200pptv poleward of 30◦ N. This
change occurs within areas as small as 30 latitude-longitude
degrees and is most pronounced over the North Atlantic
Ocean. This high variability is consistent with the ﬁndings of
Elias et al. (2011) who noted that the summer acetone VMRs
inaircraftdatacanvarybymorethan1000pptvwithinonly5
latitude-longitude degrees with a standard deviation for mea-
surements (chieﬂy over South-East Asia) of up to 40%. The
highest values are in the Northern Hemisphere over boreal
D. P. Moore et al.: Global acetone measurements from the MIPAS 7
277 hPa
-135 -90 -45 0 45 90 135
-60
-30
0
30
60
277 hPa
-135 -90 -45 0 45 90 135
-60
-30
0
30
60
400
600
800
1000
1200
1400
1600
1800
2000
a
c
e
t
o
n
e
 
v
o
l
u
m
e
 
m
i
x
i
n
g
 
r
a
t
i
o
 
(
p
p
t
)
(a)
185 hPa
-135 -90 -45 0 45 90 135
-60
-30
0
30
60
185 hPa
-135 -90 -45 0 45 90 135
-60
-30
0
30
60
100
200
300
400
500
600
700
a
c
e
t
o
n
e
 
v
o
l
u
m
e
 
m
i
x
i
n
g
 
r
a
t
i
o
 
(
p
p
t
)
(b)
Fig. 7. Global acetone distributions (in units of pptv) at average
pressure levels of (a) 277hPa and (b) 185hPa for the month of Au-
gust 2003. White areas are regions where there are less than 5 data
points for the month.
Fig. 8. Monthly-average wind ﬁeld for August 2003 derived from
ECMWF data. Data are taken on level 29 (187hPa). Each wind
vector is coloured according to average wind velocity.
hemispheric difference between the higher volume mixing
ratios (VMRs) in the NH compared to lower VMRs in the
Southern Hemisphere (SH) at both 277hPa and 185hPa. At
277hPa, the highest average acetone VMRs are found over
Greenland and Western Siberia (between 1.6 and 2.3ppbv)
and there is clear inter-continental transport (see wind ﬁelds
in Fig. 8. At 277hPa we observea large variabilityin the NH
UT data of up to 1200pptv poleward of 30◦N. This change
occurs within areas as small as 30 latitude–longitudedegrees
and is most pronounced over the North Atlantic Ocean. This
high variability is consistent with the ﬁndings of Elias et al.
(2011) who noted that the summer acetone VMRs in air-
craft data can vary by more than 1000pptv within only 5
latitude–longitudedegreeswitha standarddeviationformea-
surements (chieﬂy over South-East Asia) of up to 40%. The
highest values are in the Northern hemisphere over boreal
North America, Greenland and Siberia (between 1.6ppbv
and 2.3ppbv), with corresponding enhancements between
Central Africa and South America (1.0,ppbv to 1.4ppbv).
These regions clearly show the effects of inter-continental
transport and biomass burning (see later in this section),
with the possibility of large biogenic sources coupled with
convection giving rise to strong signatures. Model studies
would clearly be useful but agreement between aircraft data
and models is only fair in the studies of (Elias et al., 2011).
For example, in the Europe-Mediterraneanrange their model
runs and data disagreed by up to 800 pptv, with data show-
ing strikingly high values of acetone over Europein summer.
Their values of typically greater than 1000 pptv are consis-
tent with our results at 277 hPa coupled with enhancements
observed more directly at 185 hPa for this region.
At both 277hPa and 185hPa, there are clear biogenic or
biomass burning inﬂuences in the data over Central Africa
Fig. 8. Monthly-average wind ﬁeld for August 2003 derived from
ECMWF data. Data are taken on level 29 (187hPa). Each wind
vector is coloured according to average wind velocity.
North America, Greenland and Siberia (between 1.6ppbv
and 2.3ppbv), with corresponding enhancements between
Central Africa and South America (1.0ppbv to 1.4ppbv).
These regions clearly show the effects of inter-continental
transport and biomass burning (see later in this section), with
the possibility of large biogenic sources coupled with con-
vection giving rise to strong signatures. Model studies would
clearly be useful but agreement between aircraft data and
modelsisonlyfairinthestudiesofEliasetal.(2011). Forex-
ample, in the Europe-Mediterranean range their model runs
anddatadisagreedbyupto800pptv, withdatashowingstrik-
ingly high values of acetone over Europe in summer. Their
values of typically greater than 1000 pptv are consistent with
our results at 277hPa coupled with enhancements observed
more directly at 185hPa for this region.
At both 277hPa and 185hPa, there are clear biogenic or
biomass burning inﬂuences in the data over Central Africa
(up to 700pptv), which extends westward across the South
Atlantic Ocean towards South America and eastward to-
wards Australia. Although the HYSPLIT trajectory calcu-
lations in Fig. 9, suggest acetone produced over Africa and
South America can be rapidly transported to Australia on
timescales less than ﬁve–days, the evidence in the measure-
ments shows that VMRs decrease rapidly along the track
across the Indian Ocean and are 50% lower over Australia
compared to the African data. Mixing or vertical transport
are two possible mechanisms for this lower acetone and can-
not be shown by the 2-D HYSPLIT model data. We cannot
discount local sources over Indonesia or Australia itself to
explain the higher acetone observed over the Australian East
coast (see ﬁre map in Fig. 6).
Globally, we see no evidence of higher VMRs at 185hPa
compared to 277hPa, with the average NH mid-latitude
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Fig. 9. HYSPLIT 5-day forward trajectories originating from Cen-
tral Africa (green) and Amazon (red) regions on 1 August 2003 at
185hPa. The regions were chosen based on MODIS ﬁre activity for
this month in Fig. 6
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Fig. 10. HYSPLIT 10-day backward trajectories initiated from Eu-
rope on 15 August 2003 at 185hPa. Pathways are inﬂuenced by
four areas coloured by: (1) Dark blue – North America, (2) Red –
South–East Asia, (3) Green – Northern Africa and (4) Light blue –
Europe.
(up to 700pptv), which extends westward across the South
Atlantic Ocean towards South America and eastward to-
wards Australia. Although the HYSPLIT trajectory calcu-
lations in Fig. 9, suggest acetone produced over Africa and
South America can be rapidly transported to Australia on
timescales less than ﬁve–days, the evidence in the measure-
ments shows that VMRs decrease rapidly along the track
across the Indian Ocean and are 50% lower over Australia
compared to the African data. Mixing or vertical transport
are two possible mechanisms for this lower acetone and can-
not be shown by the 2-D HYSPLIT model data. We cannot
discount local sources over Indonesia or Australia itself to
explain the higher acetone observed over the Australian East
coast (see ﬁre map in Fig. 6).
Globally, we see no evidence of higher VMRs at 185hPa
compared to 277hPa, with the average NH mid-latitude
zonal VMR (20◦N to 65◦N) decreasing by 67% from
1096pptv to 360pptv. In the SH, the westerly winds are
stronger with values in some regions of over 40m/s in the
average. There is only a very small zonal component in
the mean, which explains the lack of mixing polewards of
25◦S and where the acetone VMR gradient changes by over
250pptv in just 10 degrees of latitude.
The region of higher acetone VMRs over Europe at
185hPa appears to have a variety of origins depending on
the location in the UT over Europe. Running HYSPLIT
10-day back-trajectories from 15 August 2003 the majority
of pathways, 56%, have tracked over North America in the
past 10-days, very consistent with the wind ﬁelds in Fig. 8,
although a signiﬁcant fraction, 25%, originate from South-
ern Asia. Similar signiﬁcant transport from North America
and Asia into the region was also determined by Scheeren
et al. (2003) during the Mediterranean INtensive Oxidant
Study (MINOS). The Scheeren et al. (2003) study using the
GermanAerospaceOrganisationFalconAircraftinvestigated
long-range transport of pollutants and during August 2001
intoEurope. Althoughpathwaysweresimilar,theymeasured
slightly higher average VMRs from North America/Atlantic
air (957pptv) and South Asia (1093pptv) compared to the
650pptvmaximawe observefromMIPAS. TheMIPAS data,
however, are comparable to the GEOS-CHEM mid-summer
model data of 500pptv at the tropopause presented in Jacob
et al. (2002).
In conjunction with ECMWF analyses of potential tem-
perature, we show the monthly average zonal distribution
of acetone in the UTLS (Fig. 11) gridded into 10 degree
latitude x 25 hPa pressure co-ordinates. The hemispheric
gradient shown in Fig. 7 is clearly seen here too with the
average highest VMRs poleward of 40◦N and at pressures
greater than 210 hPa. As the MIPAS acetone data have a
3km to 4km vertical resolution in the UT, it is very difﬁ-
cult to directly infer acetone mixing between the troposphere
and stratosphere from the data presented. The only small en-
hancement between 380K and 420K is observed at NH lati-
tudes, consistent with Sprung and Zahn (2010). The tropical
mid-tropospheredatashowsaslightenhancementofacetone,
with VMRs ranging between 500 and 1500pptv, but there
is no evidence of acetone VMRs exceeding 700pptv in the
tropical UT between 200hPa and the 380K theta surface.
It is interesting to examine 5–day averages and Fig. 12
shows a plot for 277hPa. There is a clear decrease in ace-
tone VMRs poleward of 45◦ N (Fig. 12) with a difference of
over300pptv between the start and end of August 2003. Un-
like the NH, there is a much lower variability in the tropics
and poleward of 45◦ S suggesting a more consistent source
in these regions over the whole month.
3.3 Acetone-Carbon Monoxide ratios
It has been shown by de Reus et al. (2003) that the VMRs of
acetone and carbon monoxide (CO) show a linear relation-
ship in air parcels inﬂuencedby anthropogenicemissions, al-
though no signiﬁcant correlation is observed over areas such
as tropicalrainforestwhere there is a largedirect and indirect
biogenic emission of acetone. Previous work with acetylene
(C2H2), another biomass burning tracer, shows a strong re-
lationship between C2H2 and CO (Parker et al., 2011; Wang
et al., 2004) and both papers show that the C2H2/CO ratio
is a good indicator of the relative age of the air mass and the
amount of processing it has undergone. For the satellite data
shown here, it is not possible to separate air masses very eas-
Fig. 9. HYSPLIT 5-day forward trajectories originating from Cen-
tral Africa (green) and Amazon (red) regions on 1 August 2003 at
185hPa. The regions were chosen based on MODIS ﬁre activity for
this month in Fig. 6
8 D. P. Moore et al.: Global acetone measurements from the MIPAS
Fig. 9. HYSPLIT 5-day forward trajectories originating from Cen-
tral Africa (green) and Amazon (red) regions on 1 August 2003 at
185hPa. The regions were chosen based on MODIS ﬁre activity for
this month in Fig. 6
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Fig. 10. HYSPLIT 10-day backward trajectories initiated from Eu-
rope on 15 August 2003 at 185hPa. Pathways are inﬂuenced by
four areas coloured by: (1) Dark blue – North America, (2) Red –
South–East Asia, (3) Green – Northern Africa and (4) Light blue –
Europe.
(up to 700pptv), which extends westward across the South
Atlantic Ocean towards South America and eastward to-
wards Australia. Although the HYSPLIT trajectory calcu-
lations in Fig. 9, suggest acetone produced over Africa and
South America can be rapidly transported to Australia on
timescales less than ﬁve–days, the evidence in the measure-
ments shows that VMRs decrease rapidly along the track
across the Indian Ocean and are 50% lower over Australia
compared to the African data. Mixing or vertical transport
are two possible mechanisms for this lower acetone and can-
not be shown by the 2-D HYSPLIT model data. We cannot
discount local sources over Indonesia or Australia itself to
explain the higher acetone observed over the Australian East
coast (see ﬁre map in Fig. 6).
Globally, we see no evidence of higher VMRs at 185hPa
compared to 277hPa, with the average NH mid-latitude
zonal VMR (20◦N to 65◦N) decreasing by 67% from
1096pptv to 360pptv. In the SH, the westerly winds are
stronger with values in some regions of over 40m/s in the
average. There is only a very small zonal component in
the mean, which explains the lack of mixing polewards of
25◦S and where the acetone VMR gradient changes by over
250pptv in just 10 degrees of latitude.
The region of higher acetone VMRs over Europe at
185hPa appears to have a variety of origins depending on
the location in the UT over Europe. Running HYSPLIT
10-day back-trajectories from 15 August 2003 the majority
of pathways, 56%, have tracked over North America in the
past 10-days, very consistent with the wind ﬁelds in Fig. 8,
although a signiﬁcant fraction, 25%, originate from South-
ern Asia. Similar signiﬁcant transport from North America
and Asia into the region was also determined by Scheeren
et al. (2003) during the Mediterranean INtensive Oxidant
Study (MINOS). The Scheeren et al. (2003) study using the
GermanAerospaceOrganisationFalconAircraftinvestigated
long-range transport of pollutants and during August 2001
intoEurope. Althoughpathwaysweresimilar,theymeasured
slightly higher average VMRs from North America/Atlantic
air (957pptv) and South Asia (1093pptv) compared to the
650pptvmaximawe observefromMIPAS. TheMIPAS data,
however, are comparable to the GEOS-CHEM mid-summer
model data of 500pptv at the tropopause presented in Jacob
et al. (2002).
In conjunction with ECMWF analyses of potential tem-
perature, we show the monthly average zonal distribution
of acetone in the UTLS (Fig. 11) gridded into 10 degree
latitude x 25 hPa pressure co-ordinates. The hemispheric
gradient shown in Fig. 7 is clearly seen here too with the
average highest VMRs poleward of 40◦N and at pressures
greater than 210 hPa. As the MIPAS acetone data have a
3km to 4km vertical resolution in the UT, it is very difﬁ-
cult to directly infer acetone mixing between the troposphere
and stratosphere from the data presented. The only small en-
hancement between 380K and 420K is observed at NH lati-
tudes, consistent with Sprung and Zahn (2010). The tropical
mid-tropospheredatashowsaslightenhancementofacetone,
with VMRs ranging between 500 and 1500pptv, but there
is no evidence of acetone VMRs exceeding 700pptv in the
tropical UT between 200hPa and the 380K theta surface.
It is interesting to examine 5–day averages and Fig. 12
shows a plot for 277hPa. There is a clear decrease in ace-
tone VMRs poleward of 45◦ N (Fig. 12) with a difference of
over300pptv between the start and end of August 2003. Un-
like the NH, there is a much lower variability in the tropics
and poleward of 45◦ S suggesting a more consistent source
in these regions over the whole month.
3.3 Acetone-Carbon Monoxide ratios
It has been shown by de Reus et al. (2003) that the VMRs of
acetone and carbon monoxide (CO) show a linear relation-
ship in air parcels inﬂuencedby anthropogenicemissions, al-
though no signiﬁcant correlation is observed over areas such
as tropicalrainforestwhere there is a largedirect and indirect
biogenic emission of acetone. Previous work with acetylene
(C2H2), another biomass burning tracer, shows a strong re-
lationship between C2H2 and CO (Parker et al., 2011; Wang
et al., 2004) and both papers show that the C2H2/CO ratio
is a good indicator of the relative age of the air mass and the
amount of processing it has undergone. For the satellite data
shown here, it is not possible to separate air masses very eas-
Fig. 10. HYSPLIT 10-day backward trajectories initiated from Eu-
rope on 15 August 2003 at 185hPa. Pathways are inﬂuenced by
four areas coloured by: (1) Dark blue – North America, (2) Red –
South–East Asia, (3) Green – Northern Africa and (4) Light blue –
Europe.
zonal VMR (20◦ N to 65◦ N) decreasing by 67% from
1096pptv to 360pptv. In the SH, the westerly winds are
stronger with values in some regions of over 40ms−1 in
the average. There is only a very small zonal component
in the mean, which explains the lack of mixing polewards of
25◦ S and where the acetone VMR gradient changes by over
250pptv in just 10 degrees of latitude.
The region of higher acetone VMRs over Europe at
185hPa appears to have a variety of origins depending on
the location in the UT over Europe. Running HYSPLIT 10-
day back-trajectories from 15 August 2003, the majority of
pathways, 56%, have tracked over North America in the past
10-days, very consistent with the wind ﬁelds in Fig. 8, al-
though a signiﬁcant fraction, 25%, originate from South-
ern Asia. Similar signiﬁcant transport from North America
and Asia into the region was also determined by Scheeren
et al. (2003) during the Mediterranean INtensive Oxidant
Study (MINOS). The Scheeren et al. (2003) study using the
GermanAerospaceOrganisationFalconAircraftinvestigated
long-range transport of pollutants and during August 2001
intoEurope. Althoughpathwaysweresimilar, theymeasured
slightly higher average VMRs from North America/Atlantic
air (957pptv) and South Asia (1093pptv) compared to the
650pptv maxima we observe from MIPAS. The MIPAS data,
however, are comparable to the GEOS-CHEM mid-summer
model data of 500pptv at the tropopause presented in Jacob
et al. (2002).
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Fig. 11. The zonal acetone distribution of acetone (units of pptv)
as a function of pressure for August 2003. Data are averaged into
10
◦ latitude x 25hPa pressure boxes. White lines indicate potential
temperature (θ) levels in Kelvin. White squares indicate regions
where there are fewer than ten clear data points for the month.
Fig. 12. Daily-average acetone volume mixing ratios for three re-
gions at an average pressure level of 277hPa; (a) 45
◦ N to 90
◦ N,
(b) 20
◦ S to 20
◦ N and (c) 45
◦ S to 90
◦ S.
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Fig. 13. 185 hPa MORSE acetone/150 hPa MOPITT CO ratio for
August 2003 calculated from the 10
◦ latitude x 20
◦ longitude glob-
ally gridded data (in units of pptv/ppbv). Ratios are only shown
where more than ten cloud–free MIPAS data points exist in the box.
ily in order to examine correlations. In this section we exam-
ine acetone(pptv)/CO(ppbv) ratios. Similar to Parker et al.
(2011) we use the 300hPa MOPITT (Measurement Of Pol-
lution In The Troposphere) Level 2 version 3 data for com-
parison to the MIPAS acetone.
The two different viewing geometries of MIPAS (limb)
and MOPITT (nadir) also need to be considered in the in-
terpretation. The sharp averaging kernels of MIPAS acetone
(Fig. 3) are very different to the broad tropospheric averag-
ing kernels of the MOPITT in the troposphere (Deeter et al.,
2003). Typically the MOPITT CO 150hPa and 250hPa re-
trievals are sensitive to CO between 400hPa and 100hPa
with a slight variation between day and night measurements.
This introduces an uncertainty into the ratios of typically
10%.
Work by de Reus et al. (2003) has shown the acetone/CO
relationship is linear in free tropospheric air masses with ra-
tios of between 21-25pptv/ppbv observed in air masses in-
ﬂuenced by anthropogenic emissions and decreasing to 13-
16pptv/ppbv in anthropogenicallyinﬂuenced marine bound-
ary layer air, this difference being due to ocean sources of
acetone in relatively clean air (lower CO). Lowermoststrato-
sphere data have a much smaller ratio still (˜5pptv/ppbv)
due to the longer photochemical lifetime of CO compared to
acetone in the lower stratosphere. Scheeren et al. (2003) de-
termine that the signature of the linear relationship between
acetone and CO is robust and does not change signiﬁcantly
in air masses with a lifetime of up to 15 days. However,
Elias et al. (2011) establish some variations in the relation-
ship, particularly for Europe compared to China.
In Fig.13, we plot the ratio of acetone/CO. Highest ratios
(between 5.5pptv/ppbv and 7pptv/ppbv) are observed over
Fig. 11. The zonal acetone distribution of acetone (units of pptv)
as a function of pressure for August 2003. Data are averaged into
10◦ latitude×25hPa pressure boxes. White lines indicate potential
temperature (θ) levels in Kelvin. White squares indicate regions
where there are fewer than ten clear data points for the month.
In conjunction with ECMWF analyses of potential tem-
perature, we show the monthly average zonal distribution of
acetone in the UTLS (Fig. 11) gridded into 10 degree lati-
tude×25hPa pressure co-ordinates. The hemispheric gra-
dient shown in Fig. 7 is clearly seen here too with the av-
erage highest VMRs poleward of 40◦ N and at pressures
greater than 210hPa. As the MIPAS acetone data have a
3km to 4km vertical resolution in the UT, it is very difﬁ-
cult to directly infer acetone mixing between the troposphere
and stratosphere from the data presented. The only small en-
hancement between 380K and 420K is observed at NH lati-
tudes, consistent with Sprung and Zahn (2010). The tropical
mid-tropospheredatashowsaslightenhancementofacetone,
with VMRs ranging between 500 and 1500pptv, but there
is no evidence of acetone VMRs exceeding 700pptv in the
tropical UT between 200hPa and the 380K theta surface.
It is interesting to examine 5-day averages and Fig. 12
shows a plot for 277hPa. There is a clear decrease in ace-
tone VMRs poleward of 45◦ N (Fig. 12) with a difference of
over 300pptv between the start and end of August 2003. Un-
like the NH, there is a much lower variability in the tropics
and poleward of 45◦ S suggesting a more consistent source
in these regions over the whole month.
3.3 Acetone-carbon monoxide ratios
It has been shown by de Reus et al. (2003) that the VMRs of
acetone and carbon monoxide (CO) show a linear relation-
ship in air parcels inﬂuenced by anthropogenic emissions, al-
though no signiﬁcant correlation is observed over areas such
as tropical rainforest where there is a large direct and indirect
biogenic emission of acetone. Previous work with acetylene
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Fig. 11. The zonal acetone distribution of acetone (units of pptv)
as a function of pressure for August 2003. Data are averaged into
10
◦ latitude x 25hPa pressure boxes. White lines indicate potential
temperature (θ) levels in Kelvin. White squares indicate regions
where there are fewer than ten clear data points for the month.
Fig. 12. Daily-average acetone volume mixing ratios for three re-
gions at an average pressure level of 277hPa; (a) 45
◦ N to 90
◦ N,
(b) 20
◦ S to 20
◦ N and (c) 45
◦ S to 90
◦ S.
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Fig. 13. 185 hPa MORSE acetone/150 hPa MOPITT CO ratio for
August 2003 calculated from the 10
◦ latitude x 20
◦ longitude glob-
ally gridded data (in units of pptv/ppbv). Ratios are only shown
where more than ten cloud–free MIPAS data points exist in the box.
ily in order to examine correlations. In this section we exam-
ine acetone(pptv)/CO(ppbv) ratios. Similar to Parker et al.
(2011) we use the 300hPa MOPITT (Measurement Of Pol-
lution In The Troposphere) Level 2 version 3 data for com-
parison to the MIPAS acetone.
The two different viewing geometries of MIPAS (limb)
and MOPITT (nadir) also need to be considered in the in-
terpretation. The sharp averaging kernels of MIPAS acetone
(Fig. 3) are very different to the broad tropospheric averag-
ing kernels of the MOPITT in the troposphere (Deeter et al.,
2003). Typically the MOPITT CO 150hPa and 250hPa re-
trievals are sensitive to CO between 400hPa and 100hPa
with a slight variation between day and night measurements.
This introduces an uncertainty into the ratios of typically
10%.
Work by de Reus et al. (2003) has shown the acetone/CO
relationship is linear in free tropospheric air masses with ra-
tios of between 21-25pptv/ppbv observed in air masses in-
ﬂuenced by anthropogenic emissions and decreasing to 13-
16pptv/ppbv in anthropogenicallyinﬂuenced marine bound-
ary layer air, this difference being due to ocean sources of
acetone in relatively clean air (lower CO). Lowermoststrato-
sphere data have a much smaller ratio still (˜5pptv/ppbv)
due to the longer photochemical lifetime of CO compared to
acetone in the lower stratosphere. Scheeren et al. (2003) de-
termine that the signature of the linear relationship between
acetone and CO is robust and does not change signiﬁcantly
in air masses with a lifetime of up to 15 days. However,
Elias et al. (2011) establish some variations in the relation-
ship, particularly for Europe compared to China.
In Fig.13, we plot the ratio of acetone/CO. Highest ratios
(between 5.5pptv/ppbv and 7pptv/ppbv) are observed over
Fig. 12. Daily-average acetone volume mixing ratios for three re-
gions at an average pressure level of 277hPa; (a) 45◦ N to 90◦ N,
(b) 20◦ S to 20◦ N and (c) 45◦ S to 90◦ S.
(C2H2), another biomass burning tracer, shows a strong re-
lationship between C2H2 and CO (Parker et al., 2011; Wang
et al., 2004) and both papers show that the C2H2/CO ratio is
a good indicator of the relative age of the air mass and the
amount of processing it has undergone. For the satellite data
shown here, it is not possible to separate air masses very eas-
ily in order to examine correlations. In this section we exam-
ine acetone(pptv)/CO(ppbv) ratios. Similar to Parker et al.
(2011) we use the 300hPa MOPITT (Measurement Of Pol-
lution In The Troposphere) Level 2 version 3 data for com-
parison to the MIPAS acetone.
The two different viewing geometries of MIPAS (limb)
and MOPITT (nadir) also need to be considered in the in-
terpretation. The sharp averaging kernels of MIPAS acetone
(Fig. 3) are very different to the broad tropospheric averag-
ing kernels of the MOPITT in the troposphere (Deeter et al.,
2003). Typically the MOPITT CO 150hPa and 250hPa re-
trievals are sensitive to CO between 400hPa and 100hPa
with a slight variation between day and night measurements.
This introduces an uncertainty into the ratios of typically
10%.
Work by de Reus et al. (2003) has shown the ace-
tone/CO relationship is linear in free tropospheric air masses
with ratios of between 21–25pptvppbv−1 observed in air
masses inﬂuenced by anthropogenic emissions and decreas-
ing to 13–16pptvppbv−1 in anthropogenically inﬂuenced
marine boundary layer air, this difference being due to ocean
sources of acetone in relatively clean air (lower CO). Low-
ermost stratosphere data have a much smaller ratio still
(˜5pptvppbv−1) due to the longer photochemical lifetime of
CO compared to acetone in the lower stratosphere. Scheeren
et al. (2003) determine that the signature of the linear re-
lationship between acetone and CO is robust and does not
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Fig. 13. 185 hPa MORSE acetone/150 hPa MOPITT CO ratio for
August 2003 calculated from the 10
◦ latitude x 20
◦ longitude glob-
ally gridded data (in units of pptv/ppbv). Ratios are only shown
where more than ten cloud–free MIPAS data points exist in the box.
ily in order to examine correlations. In this section we exam-
ine acetone(pptv)/CO(ppbv) ratios. Similar to Parker et al.
(2011) we use the 300hPa MOPITT (Measurement Of Pol-
lution In The Troposphere) Level 2 version 3 data for com-
parison to the MIPAS acetone.
The two different viewing geometries of MIPAS (limb)
and MOPITT (nadir) also need to be considered in the in-
terpretation. The sharp averaging kernels of MIPAS acetone
(Fig. 3) are very different to the broad tropospheric averag-
ing kernels of the MOPITT in the troposphere (Deeter et al.,
2003). Typically the MOPITT CO 150hPa and 250hPa re-
trievals are sensitive to CO between 400hPa and 100hPa
with a slight variation between day and night measurements.
This introduces an uncertainty into the ratios of typically
10%.
Work by de Reus et al. (2003) has shown the acetone/CO
relationship is linear in free tropospheric air masses with ra-
tios of between 21-25pptv/ppbv observed in air masses in-
ﬂuenced by anthropogenic emissions and decreasing to 13-
16pptv/ppbv in anthropogenicallyinﬂuenced marine bound-
ary layer air, this difference being due to ocean sources of
acetone in relatively clean air (lower CO). Lowermoststrato-
sphere data have a much smaller ratio still (˜5pptv/ppbv)
due to the longer photochemical lifetime of CO compared to
acetone in the lower stratosphere. Scheeren et al. (2003) de-
termine that the signature of the linear relationship between
acetone and CO is robust and does not change signiﬁcantly
in air masses with a lifetime of up to 15 days. However,
Elias et al. (2011) establish some variations in the relation-
ship, particularly for Europe compared to China.
In Fig.13, we plot the ratio of acetone/CO. Highest ratios
(between 5.5pptv/ppbv and 7pptv/ppbv) are observed over
Fig. 13. 185hPa MORSE acetone/150hPa MOPITT CO ratio for
August 2003 calculated from the 10◦ latitude×20◦ longitude glob-
ally gridded data (in units of pptvppbv−1). Ratios are only shown
where more than ten cloud–free MIPAS data points exist in the box.
change signiﬁcantly in air masses with a lifetime of up to
15 days. However, Elias et al. (2011) establish some varia-
tions in the relationship, particularly for Europe compared to
China.
In Fig. 13, we plot the ratio of acetone/CO. Highest ra-
tios (between 5.5pptvppbv−1 and 7pptvppbv−1) are ob-
served over Europe and in good agreement with the values in
the lowermost stratosphere during MINOS. This campaign
focussed speciﬁcally on anthropogenic pollution transport,
compared to monthly averages in our analysis, which ex-
plains why the MINOS values were slightly higher. It is
still clear, however, that the ratio remains high over Europe
throughout the whole of August, where mixing and chem-
istry leads to strong heterogeneity in relationships and con-
ﬁrming the high ratios at relatively modest values of CO ob-
served by Elias et al. (2011).
Tropical acetone/CO ratios are lower than the NH values
by between 2.5pptvppbv−1 and 3.5pptvppbv−1. Over the
tropical Amazon rainforest, measurements presented by de
Reus et al. (2003) determine that the correlation between
acetone/CO is not always observed, concluding that this is
due to the increased importance of the biogenic source of
acetone here compared to other regions combined and lower
CO (mostly of anthropogenic origin). We measure acetone
VMRs of up to 700pptv over central Africa (Fig. 7) but the
ratio results infer that tropical biomass burning emissions of
CO are large enough to depress the acetone/CO ratio. We
have shown (Fig. 6) that both the Southern Amazon and Cen-
tral Africa have a very large number of ﬁres during August
2003 and is the most likely cause of enhanced CO and the
direct effect we observe on the ratios. Finally, SH ratios are
between 1.0 and 3.0.
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4 Conclusions
Acetone (C3H6O) is present ubiquitously in the troposphere
from a variety of sources including biomass burning, direct
biogenic emissions and anthropogenic emission. The largest
source, however, is thought to be from secondary formation
via oxidation of precursor hydrocarbons such as propane and
isobutene. The gas is a major source of hydrogen oxide radi-
cals and peroxyacetyl nitrate (PAN) in the upper troposphere.
This study has presented the ﬁrst global observations of
acetone in the upper troposphere (UT) from MIPAS spectral
measurements during August 2003. Data are presented over
the 9km to 15km altitude range, approximately 300hPa to
150hPa in pressure terms. Total errors on single proﬁles are
calculated to be below 40% at pressures between 250hPa
and 350hPa although tropical retrievals are affected strongly
by water vapour and errors are around 80%. At pressures be-
low this the random error component rapidly increases. Av-
eraging kernels generally show upper tropospheric measure-
ments have a vertical resolution of between 3km and 4km
which increases to 6km in the lower stratosphere. Due to the
relatively broad vertical resolution in the lower stratosphere,
we are not able to infer mixing of tropospheric acetone into
the stratosphere.
The global distribution of acetone has been determined as
a function of latitude and exhibits distinct inter-hemispheric
differences with the highest average VMRs found over
Greenland and Western Siberia at 277hPa of between
1.6ppbv and 2.3ppbv. High acetone VMRs were also found
in the tropics, particularly between Central Africa and South
America where abundances ranged between 1.0ppbv and
1.4ppbv. Acetone over Europe originated from a variety of
source regions with HYSPLIT trajectory calculations show-
ing the majority of pathways originated from above North
America (56%) with a signiﬁcant fraction (25%) ﬂowing
from South–East Asia and was comparable to previous data
measured during MINOS.
Ratios of acetone(pptv)/CO(ppbv) indicate the relative age
of the air mass and the amount of processing the air mass
has undergone. At 185hPa, we observe ratios which vary
between 3pptvppbv−1 and 7pptvppbv−1 showing we ob-
serve a mixture of stratospheric and tropospheric air. High-
est ratios were observed over Europe (5.5pptvppbv−1 to
7.0pptvppbv−1) and were in excellent agreement with previ-
ous ﬁndings by de Reus et al. (2003) and our results conﬁrm
a strong enhancement of UT acetone over Europe relative
to CO. Tropical acetone(pptv)/CO(ppbv) ratios were much
lower at between 2.5pptvppbv−1 to 3.5pptvppbv−1, which
is due to the increased importance of biogenic source (with
lower CO) compared to biomass burning alone.
These new, global, measurements of acetone from satel-
lite data will provide valuable input towards the modelling of
chemical processes in the upper troposphere. The large dis-
crepancies between aircraft and model data noted by Elias
et al. (2011) can only be improved by the use of MIPAS
acetone helping to further constrain models to improve un-
derstanding of acetone chemistry in the UT. Interpretation of
the causes of the large summer–time variability and under-
standing Arctic chemical processes, where in–situ observa-
tions are sparse, are critical areas that can be improved by
better data availability. A likely progression of this study is
to determine the seasonal cycle of acetone in the UT across
different years and compare these data to a chemical trans-
port model.
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